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Ibis aralysis presents a methodology for exarining a 
target's zotion histcry to investigate those characteristics 
cf target moticn which a trained gunner keys cn wten 
selecting shots. Using this methodology a target nction 
histcry is examined and the criteria which twe trained 
gunners use to pick stcts are described and compared. The 
hit perfcruance of each gunner is then modeled estaklishing 
a relaticnship Letween the target's motion and hit perform- 


ance fcr tkese two gurners. 
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Marksmanship is a skill acquired through learnec agpli- 
caticr cf fundarental techniques peculiar to each weapon 
target scenario. A rifleman firing offhand at a rullseye 
practices Lreath control and an even trigger pull as the 
sight reticle dances in small ovals over the tarcet 
Zirroring the movement of the gunner's body. His gcal is to 
keep tre reticle moving around the desired impact pcint. 6 
knows that he cannot keep the weapon perfectly still tut 
Fractice has taught him to anticipate the instant in tine 
when an even deliberate trigger pull and perfect tarcet 
alignnent will occur simultanecusly. This technique 81185 
some expert riflemen to place shot after shot irtc the 
target as accurately firing cffhand as if they were firing 
from a rencr rest. <cre would credit such performance with 
EUperruran ability bct it is ip fact a product of ccncertra- 
tion and the basic principles of rifle marksmanship. In 
this s<sizple example the gunner is able to do well because he 
learns tc judge wher his motion has characteristics that 
experience nas taugbt him vill produce the Lest shot grcufs. 
Ee nas learred tbe rules of when to shoot . The sirpler the 
weapon and the task assigned to it the easier are these 
rules cf good marksmanship to cataiog and verify. 
Unfortunately many mcdern weapcns and weapon systems dc not 
1311 intc this  categcry. The principles that lead tc the 
making of an expert gunner who uses a computer assisted 
leading system and laser range finders ali mounted cn a 
sophisticated platform and employed against mobile targets 
are nct sc easy to define and harder to verify. Ir many 
instances the gunner bimseif dces not fully comprehend what 
principles te follcus to do well, what aspects of target 


moticn he keys ca wien deciding to 0 1 2 The procedures 
fcllcwed Lerein sugcest a method or doing so. Given an 
accurate well contrclled experiment with clean relevant data 
some principles of good marksmanship for a complex weapon 
can ke irferred and can be given some degree of creditility 
through statistical aralysis. 

The experiment which provided the basis for this anal- 
ysis fitted a trained gunner in an actual weapcr system 
against a simulated acving target. The weapon system used 
was a tank with a linear lead fire control system which in 
theory applies gun tube lead against a moving target to 
compensate for target mcticn during the time of fligtt of 
the rcund. The actual mechanics of this system are ncre 
complicated than this and are not the object of the anal- 
ysis. It is relevant in that trained gunners such as thcse 
used in the experiment are assumed to have learned, tc scne 
degree, hcw to use the characteristics of this system to 
achieve Letter hit performance. A goal cf the analysis is 
to estallicsh a relationsnir between hit performance and 
target ucticn when using such a system. 

Tte target presented was a laser dot projected onto a 
grey screen and moved hack and forth on the screen [ya 
oving tarcet simulatcr according to a precise template. 
lhe terplate or target path is a set of corresponding fosi- 
tion at tine cocrdirates which represent the positicrs at 
given tizes of an actual target as viewed along a general 
axis cf advance. This positicn at time plot is derived by 
measuring lateral displacement of an actual target vehicle 
aS it advances tcward an obkserver. In this conventicn the 
Loticn of the dot represents the apparent lateral mcticn of 
the actual target. in the experiment tne dot moved later- 
ally cniy and range did not appear to change although it was 
simulated in the magritude cf tne lateral motion of the dct. 
Specifically, a true change in the lateral position cf the 


target of twenty meters might be represented by moving the 
dot ten inches on tke screen at a simulated range cf 1000 
meters versus five irches on the screen at a simulated range 
cf 20CQ meters. Ir either instance the size of the dot 
would nct ctange. Ike physics of this simulation invclved 
precise curvature of the screen and conversion of meters 
moved ty the target to radians traveled on the screen. 
These prccedures are nct under study and it was assured that 
the acticn of the det accurately simulated the apparent 
lateral motion of a target. 

With these points: in mind one trial of the experiment 
can te described as fcllouws. A gunner is placed in a tark. 
He is tcid that a teint of light will appear on the grey 
screen which he views through his target reticie much as cne 
would view an object through a pair of binoculars. Ee is 
told tc track the target and to pull the trigger when he 
feels ris tracking will give him the Dest chance cf hitting 
the target. With these instructions the gunner puts his 
crosshairs cn the laser dot and moves the crosshairs tc stay 
cn the dct which is acved by the machine as descrited atove. 
According tc his own criteria the gunner periodically rulis 
the trigcer, supposedly when he feels he has the best chance 
CDA ttirg the target. A major goal of the analysis is to 
determine if gunners have scme selection criteria in terms 
cf the target motion and if sc to describe it in a usalle 
way. 

Results from sixteen trials like the one descrited were 
examined. Each of two gunners conducted two trials at four 
cifferent ranges presented in random order. For each trial 
the tines at trigger pull were recorded and a corresponding 
probarility of hit was computed. For future refererce it is 
emphasized that the time at trigger pull has a cne tc cne 
corresp¿cndence with the time in the target's motion history. 


By this fact the tarcet motion parameters in the 


10 


neigkrkcrhccd of trigger pulls can be ار ۳ 5618ء‎ 
discussed later. Tke probability of hit was computed as a 
part cf the experiment using a Livariate normal distriLution 
to acecunt for round to found 115511! 

The rotion ¡parameters provided by the experiment were 
the first and second derivatives of the position at time 
Gata shich was used to move the target dot. As earlier 
stated this positicr at time data has its origir in the 
mMeaSurements taken from the rovement of an actual  tarcet 
vehicle. To-clari ty this proint, picture a target vehicle 
moving tcwards an oLserver. View this scene from  abcve 
overlaying a fixed cccrdinate system covering the limits of 
the veticle's movement . Lccate the observer on the x-axis 
at scre pcint beyond the stopping point of the vehicle where 
he car discern only lateral movement of the venicle. Let 
the y-axis represent the distance in meters to the right (+) 
CE رل‎ of the origin that the observer views the 
target. Let the x-axis represent the corresponding tine in 
seconds at which the position observation occurs with time 
zero teing the vehicle's starting point and time final teing 
the vehicle's stopping point. Using this scenaric reccrd 
the pcsition of the target vehicle at discrete time feirts 
and ycu will have dtplicated the raw data which fcrmed the 
rasis fcr the movement of the target dot. The actual posi- 
tion at tine data used in the experiment was a refined 0ل‎ 


cí this raw data consisting of a position measurement every 


.01 secord. A grafhical Flot or 1 5 data" ٤٥ 
Figure 0 Fear in mind that this plot represents over 
41500 data points. lo picture what gunners in the experi- 


cent ciserved hold this graph canted at eye level and lcok 
toward tte crigin £frca the end of the x-axis. Now visualize 
this graph collapsed onto the y-axis and the pcirts 
Fresented cne at a time in prefer time sequence as a point 
cf light cn a grey Fackgrcund. Nhat you would see is a 


11 


۳۳ نت‎ 11 ۲ mevins back and forta with varying ranges of 
motion . This is what gunners in the experiment observed as 
the tarcet zotion. 

The apparent velccity of the target dot was ccmputed by 
the experiment as tle first derivative of the  pcsiticn at 
time [lct. The mathematics օք this computation are relevant 
to understanding the analysis. Given n position 16ՅՏԱԼԾ- 
ments and n correspording times the difference between fairs 
cf adjacent measurements was computed. These computaticos 
give (r-1) changes in position over a corresponding change 
in time which allcw computation of the instartarecus 
velocity estimates fcr the pericds covered, each of which is 


+01 seccnd in lengtk. The actual velocity estimates are 


centered, equally weighted, 31 point averages of the 
velocity estimates surrounding any given point. Using this 
methcd cf computaticn (ո-31) velocity estimates were 


computed. A graphical representation of tne target velccity 
computed by the experiment is shown at Figure 1.2 . As this 
graph sncws, the velccity ccmputed by the experiment was 
signed regative dencting right to left crossing cf the 
target dct and positive denoting left to right crcessing of 
the target dot. The absolute value of this velocity repre- 
sents true velocity ard is shcwn at Figure 1.3. 

The target's true acceleration was computed as a fart of 
the analysis as the first derivative of tne target's true 
velccity and is showr at Figure 1.4 . The derivaticn of 
this data is addressed in the methodology secticr under 
10110 1 parazeters. Acceleraticn as computed for the experi- 
rent was nct used as it did not readily correlate to 
conventicnal notation of vehicular acceleration. 

In summary the experiment pits two gunners in a series 
cf sixteen trials against a point target whose moticr faran- 
eters car te accurately established. The experiment records 


the time cf trigger pulls and accurately estimates the 


gunners' performance at each event. Using these times the 
motion parameters in the neighborhood of trigger ulis can 
te deternined. Since the only stimulus is the noticn cf the 
target dct it is assumed that there is some characteristic 
goticn which motivates the gunner to shoot. The analysis 
seeks tc verify cr refute this assumption . If the analysis 
suppcits the assumpticn then further effort will te made to 
define wkat characteristics of target motion motivate the 
gunner tc shoot. In addition the analysis will seek to 
estarlish a relaticrship or lack thereof between the 


gunners! performance and the target motion at trigger full. 
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A. CEGANIZATION OF TEE DATA FCR ANALYSIS 
ما‎ “Hotion Paraneters 


The data prcvided by the experiment celating to 
target mcticn consisted of a time, position, and velccity 
data vector each containing 21540 elements. There is a cne 
to one ccIrespondence between vectors. If the first element 
in the time vector is .25 seccnds then the first elenert in 
the pcsiticn vector is the target position at .25 seconds 
and tke first elemert in the velocity vector is the target 
velocity at .25 seccnds and sc forth for each successive 
elemert in each  vectcr. It is emphasized that all nction 
parameters are the apparent motion as cbserved Ly the 
gunner. 

The velocity vector was computed by the experiment 
as previously described. Recall that the experiment 
provided a signed vector with the sign indicating the 
crossing direction cf the target. True velocity was 
cbtained as the absclute vaiue of the signed velocity. True 
acceleraticr was obtained as the first derivative cf true 
velocity. The procedure followed in this derivation dupli- 
cated tke procedure used in the experiment to take the first 
Gerivative cf the pcsition vector. Given n estimates of 
true velccity the difference [Fetween adjacent estimates was 
computed. These changes in velocity divided by the ccrre- 
sponding change in tine provided (n-1) estimates of 
instartarecus acceleration. Tbe actual estimates for accel- 
eraticn used in the analysis were م۲ ل‎ centered, 
equally weighted averages cf the instantaneous estirates 


surrcunding a given time. Under tais method (n-31) 


1€ 


estirates fcr acceleration were computed. The resulting 
true acceleraticn vector was signed positive to dencte rate 
cf increase in velccity and negative tc denote rate cf 
decrease in velocity cf the target. This vector additicn- 
ally retained a one to one correspondence with the ctier 
motion paraleter vectcrs. As a minor point the derivation 
provided nc estimate for tke first sixteen or the last 
fifteen time periods. This [rcved inconseguential as the 
pericds were short with duraticn less than .16 seccnds and 
no okservations cccurred near then. 

The majority cf the analysis was concerned with the 
true velccity and acceleration of the target versus tire. A 
segment cf the estinates used for these values is shcwn at 
Figure 2.1 . It can te seen in this plot that the estirates 
used are reasonatly accurate and conform to expected conven- 
tion. As the velocity estimate increases the acceleration 
estimate rerains positive. When the velocity estimate peaks 
and has zerc sloze the acceleration estimate approaches zero 
as expected. As the velocity estinate decreases the accel- 
eraticn estimate remains negative. Extensive analysis and 
fitting cf these vectcrs, or curves as shown, might ilgrcve 
their accuracy marginally kut the analysis proceeded under 
the assumption that they  prcvided sufficiently accurate 
estimates cf the tarcet's true velocity and acceleraticn. 

In summary, the moticn parameters used in the anal- 
ysis were signed velccity, true velocity, and true 
acceleration. It is again emphasized that these values, in 
vectcr fcrm, rerreserted the apparent motion as observed by 
the gunner. Each vector consisted of 21509 data elements 
with a cre to one correspondence to the time vector. Under 
this ccnvention any civen time of a trial could te matched 
with a corresponding estimate for signed velocity, true 
velocity, cr true acceleraticn for the target at that tine. 
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The data prcvided Ey the experiment included the 
time at trigger full and a corresponding rrotability ce 
for sizteen trials. Each gunner conducted two trials at 
four different ranges giving a total of 295 otser ved trigcer 
pulls as summarized at Table I. In addition to the data 
provided Ly the experiment, the target moticn at trigger 
pull, at the time the gunner made the decision to shcct, and 
durinc tke time the gunner fcraulated the decision tc shoct, 


were derived from the motion parameter data vectors. 


| 


TABLE I 
Lata Organization 


D 
Ou 
As 
O 
D 
O 
eB 


Note: Irial numbers are for reference only a 


| Trial Gunner Range (Meters) Observations | 
| 1 1 1000 22 
À 2 1 100 16 | 
3 1 2000 20 
4 1 2000 29 
5 1 2500 17 
6 1 2500 25 
| 7 1 3000 18 | 
8 1 3000 21 
9 2 1000 16 
10 2 1000 19 
11 2 2000 16 | 
| 12 2 2000 17 | 
13 2 2500 13 
14 Z 2500 17 
15 ք 3000 14 
16 2 3000 15 | 
Total Cbservaticns - Gunner 1: 168 | 
Tctal Cbservations - Gunner 2: 127 | 
Total Orservations Gunner 1 8 2: 295 


Ite motion parameters of the target at the time of 
trigger pull were extracted directly from the data. Since 


there sas a one tc cne correspondence tetween the time 
vector ard the  moticr parameter vectors a selecticn vector 
could te created which would select data elements frcr the 
moticn vectors based on times or positions in the time 
vector. Fer example, if the gunner pulled the trigger at 
5.21 seccnds and 15.:1 seconds these represented fositicn 
£21 and 1531 in the time vector. Element 521 and 1531 could 
then be selected from the potion vectors to give the 
target's nction faraneter values at these two trigger fulls. 
Fecause cf the size cf the vectors involved a program, shcwn 
at AEEENTIX A, was written tc create the selecticn vector. 
Using tre selection vector method the signed velocity, true 
velocity, and true acceleraticn at the time of trigger pull 
for each trial were selected directly from the appropriate 
vectcrs. For the sake of exactness it is noted that orly 
the signed velocity was actually extracted using the selec- 
tion  vectcr. Bere, as  thrcughout the analysis, true 
velocity was obtained as the absolute value of the sigred 
velccity when needed. This point will not be reiterated kut 
applies whenever true velocity is addressed. 

The motion parameters cf the target at the time tae 
gunner sade the decision to shoot were derived frcm the 
moticn parameter vectors. Research in the human tactcrs 
field indicates that a subject faced with a visual stirulus 
with little noise and a go/ no go decision has approximately 
a .2 second delay ketween the decision to act and manual 
executior cf that decision [Bef. 1: p. 198]. These are the 
conditiors faced by the gunners in this experiment. Taking 
this irtc account and allowing fcr some variation a program, 
shown at APEENDIX A, was written which selected values frcm 
the Cesired motion vector during the period .18 tc .22 
seconds prior to each trigger pull and computed the average 
cf these values. This average value was then used as the 


estizate fcr the particular motion parameter in the 


neigttcrhccd of the decisior pcint to shoot. In this 13171 5 
the estimates for tke target's true velocity and accelera- 
tion at the time of decision tc shoot were derived frcm the 
data for each trial. 

The target's motion during the time the gunner was 
formulating the decision tc shoot was derived in a similar 
anner. A subject faced with a continuous visual stimulus, 
such asa moving target, can sample from the stirulus 
approximately once every half second (Ref. 2: pp. 61-63). 
Thus, what an cbserver interprets from a visual stirulus 
will te a function cf snapshots taken in half seccnd wirdcws 
cf tire which will hereafter be called sampling windows. 
Using this kasis the gunners" sampling windows were defined 
as half second tize segments begining .2 seconds pricr to 
trigger تا‎ In this convention sample one was defined as 
the pericd .2 to .7 seconds pricr to trigger pull and is the 
last <arple the gunner took prior to making the decisicn to 
shoot. A program, shown at APPENDIX A, was written which 
selected values from the specified motion vector durirs any 
half seccnd interval specified. The program averaged these 
values and this average provided the estimate for the action 
parameter during the sample window specified. Using this 
procedure estimates for the target's true velocity and 
acceleraticr during the four sample windows pricr tc the 
decisicn tc shoot were derived for each trial. These esti- 
mates were assumed to be the last four samples cf the 
target's mction which the gunner observed prior tc making 
the decisicn to shoot. 

These are in summary the procedures used tc ccupile 
what is called the gunner data. To recap, the gunrer data 
consists of the 201161293 

(1) Time cf trigger ull. 
(2) Erctatbility of hit at trigger pal 
(3) The target's true velocity, signed velocity, and true 


acceleration at the time cf trigger pull. 
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(4) The target's true velocity and acceleration at the time 
the gunner made the decision to shoot. 
(5) The target's true velocity and acceleration during tte 


time tke gurmer fcrmulated the decisicn to shoot. 


The sample space for the analysis of target acticn 
is defined as all 21£(9 estinates of target motion. An esti- 
tate cf target moticn in this context refers tc the two 
dimensicral parameterization of the target motion for any 
given irstant in time covering the duration of the trial. 
The two cizensicns refered to are velocity, (signed cr true) 
and true acceleration. Using this definition the distritu- 
tion cf the target action can Le plotted in two dirersicns 
as sbcwr at Figures 2.2 and 2.3 Each of these Flcts 
consists of 21509 ¡pcints and in an abstract sense tkey 
represent the dersity of the target motion which tke gunner 
cbserves. Looking at Figure 2.2 each point on the plot 
estimates the target's true velocity and acceleration during 
-01 seccnd cf the total time history of 215.09 seconds. To 
expand this concept consider all the points in the square 
labeled A cn the Flot. This square will hereafter be 
refered te as a cell cr moticn farameter cell. Assume you 
count the total numrer of points in this cell to te 407. 
Since you krow there are 21509 total points you can compute 
the progertion that are in cell A as .0185. You can further 
state that the target displayed motion with velocity Letween 
10 and iz meters per second and deceleration between 2 and 0 
meters per second sçuared 1.€5 percent of the time. "EHI 
general, the denser the plot the more the gunner ckserved 
that rance cf target mction. Ey grouping all the twc dimen- 
sional estimates for the target motion into cells with 
Loundaries cf velocity and acceleration, the target nction 


can Le guantified. Using the same procedure for cnly the 
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target ucticn at gunner selections the target moticn ir the 
neigbtorkccã of trigcer pulls can be analyzed using several 
statistical techniques. A program, shown at APPENDIX A, was 
written which ccmputes the cell counts for any selected 
toundaries of velocity and acceleration. This prograIa vas 
used tc ccmpute the uction parameter cell counts for the 


sample space and the gunners' selections. 


E. ANALISIS OF TARGET 6011 لاب‎ 


1. Establishing Cupner Selection Ea 


The first step in the analysis of the target ucticn 
was tc determine if there was statistical basis fer stating 
that tte gunmers had any selection criteria at all. To do 
this, tke assumption was made that the gunners' seiecticns 
were randcm. Given this assumption certain characteristics 
should appear in the cbservations, the existence of which 
can te tested using statistical procedures. If these charac- 
teristics dc not appear then there is basis for assuming 
that tke gunners' selections are not random but selective. 
This nethcdology was applied to two contexts of target 
ROE LC, 

First, the analysis examined the questicn cf a 
selecticn preference in the crcssing direction of the tarcet 
which was specified by the sign of the signed velccity 
vector. - Through a counting process the propcrticn of 


elements in the signed velccity vector less than zerc was 


determined to be p=. 506. This gives the proportion cf time 
the target crossed right to left. The proportion of tine 
the target crossed left to right is (1-p) = .494. Using 


these  propcrtions tke observed and expected values for 
gunner selections could be compared as shown at Tatle II. 
With the exception cf the first trial at 2000 meters for 
Gunner cne there appears tc te no crossing preference for 


either gunner. All trials were tested against the 
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TABLE II 
Crcssing Freference Data 
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The second okjective relating to selecti cn criteria 
was tc assess whether the gunners had any overall preference 
in target motion. Lid they screen out certain ranges of 
gotion ard look for cthers as they engaged tne target? This 
questicn was addressed by grcuping the gunners' selecticns 
at trigger pull and the sample space into motion parameter 
cells and ccmparing the two distributions. In this 57 
cne cculd ckserve the proportion of selections by the gunner 
in a certain range ci moticn against the proportici of 
cpporttnities availatle and assess whether or not an overall 
difference existe. Fecause cf the small sample sizes for 
individual trials this portion cf the analysis was ccnducted 
in twc stages. 

In the first stage the observations for each trial 
were crouped into the motion ¡parameter cells shown at latle 
۱3800 ۳ A subjective analysis of this data suggests no 
significant difference between trials at the same range or 
Letweer ranges with the same gunner. There appears tc re a 
significant differerce between the two gunners however. 
Ihis aralysis was confirmed using a contingency takle test 
[Ref. 4: pe. 153-170). Ihe hypothesis of no interacticn due 
to trials with the sane gunner could not be rejected. Ihe 
hypotbesis cf no interacticn due to trials between gunners 
was rejected at the .05 level. Based on these results it 
was assumed that trials within the same gunner cculd be 
combined with no significant degradation in the validity of 
the analysis. These results advised against any analysis 
tased on trials combined between yunners. 

In the second stage the combined observat icns cf all 
eight trials for each gunner were grouped into the mcticn 
parameter celis showr at Table IV as were the observaticns 
for the total target motion. Reading the table ncte that 
cell A fcr Gunner 1 has an entry of 6 for the expected 


number of shots. This value is computed as the product rr 
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TABLE III 
Conparing Individual Trials 
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where n is the total number cf shots taken and خم‎ 3125 ٢٢ 
rrofcIticr cf tire tte target displayed notion 16 2707637 ٣٦ 
cell A. If the gunner's shcts were random we would expect 6 
to cccur in the rarge of mction delineated by cell A. 
Reading down the coluun we see the actual number observed in 
cell A at shot is 4, at 0615101 وژ ال‎ 1117۷7 the first 
sample windcw prior to decision 115 1,210 50 ons This 
data sucgests that gunners do have a selection method 
because their observed choices differ substantially írcrz the 
expected nuuber of chcices fcr several cells. These cverall 
distributions were ccmpared to see if they were tke sane 
using tte Chi Square Goodness of Fit test [Ref. 4: EP. 
SSE The hypcthesis that the two gunners 12388 6 تل‎ 
selected tines tc shcct from the available opportunities was 
rejected, fcr each gurner, at the .05 level. In 2 401 ۳ 
the hypothesis that Gunner 1 selected times to shoct ir the 
same ways as Gunner Z was rejected at the .05 level. Eased 
co these results it was assumed that gunners do have a 
selecticr method and that there isa difference ir method 


Letween the twc gunners. 


2۰ Characterizing Target Notio 


lp 


Having estaklished evidence that gunners dc have 
some selection criteria, graphical analysis backed սք by 
statistical testing wkere feasible was used to clarify wkat 
101 5 The graphs shown at Figures 2.4 and 2.5 show the 
target mcticn in the neighborhcod of trigger puils. Viewing 
these craphs in sequence frcm sample 4 to 3 to 2 to 1 to 
decisicn tc trigger pull re-creates the overall snapehcts 
allegedly taken by tte gunner during the 2.2 seccnd tire 
history leading up tc trigger pull. The graphs suggest an 
cverall cecrease in target mcticn during the time leadirg to 
trigger չս11: The decrease in velocity is not so clear tut 


the acceleration changes dramatically from positive to 
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negative as trigger full afprcaches. In real terms tkis 
suggests that the  gurners lcok for points where the target 
speeds up and then slcws down taking the shot as the tarcet 
apprcaches zero acceleraticn cr as it decelerates. IH 
implies that gunners may be trying to match trigger pull 
with either constant velocity, zero target motion, CI ٣ 
To identify tke specific ranges of motion preference 
for each gunner the proporticn of total target moticr for 
each ucticr parameter cell was compared against the ¿rcpcr- 
tion selected by the gunner using the test cf propcrticrs as 
outlined in Duncan. As an exarple, the numter of selecticns 
in cell K Ly Gunner cne at trigger pull is 38 as shcwn imn 
Table IVY . The gropcrtion cf gunner selections in this cell 
is then 38/(168 = tctal selections) or ٨ s 246,72 The 
rfropcrticn cf total target moticn in this cell is p  . 
The typfothesis that := Dis then tested and rejected at the 
.05 level indicating strongly that the proportion cf selec- 
tions in cell K ty Gurner cne is higher than expected. It 
is irpcrtant to note here that gunner selections are assumed 
to be independent renembering that gunners did not have to 
make any selections. Gunners were tcld only to track the 
target and shoot wher they felt they could hit the target. 
Using this procedure each cell for each time  rericd frcm 
trigger pull to sanple 4 was examined to determine which 
cells had selection ccunts higher or lower than expected at 
the .C5 level or less. Figures 2.6 and 2.7 show the results 
cf ttese tests. Fach figure shows regions cf action 
selected mcre than expected as shaded areas while regicns of 
moticn selected less than expected are shown as 5 
hatched areas. All cther areas had the expected number of 
selecticns. Both gunners aveid sharply increasing target 
noticn and to a lesser degree sharply decreasing tarcet 
moticn. Ecth gunners give strong evidence of looking for 


the tarcet to decelerate or for acceleraticn to approach 


ն) 
(ւ) 


Zero. Several differences between the two yunners are also 


evident. Gunner 2 tas fewer shots than expected in the 
neighkcrhocd of zerc motion. Gunner 1 displays this 
tendency Fut to a lesser degree. ۱۳۲۱ 3۵ 001۳: 00, Gunner 5 


a narrower range of prefered motion than Gunner 2. 

շթ: 119۴ 23۲۰۶٠ و 3 ۱ م2 ظ 9۱239 ۱۱۲ "5 0۶6 بت‎ 1 2۳ 1 
these statements further. In each of these figures the 
03195122312311 of tne particular parameter is shown in 57 
format. [gesso وللت‎ 8 627 The box encloses roughly 
the irterguartile rance of the data with a circle indicating 
the mean and an asterisk the median. The X at tke erd of 
the whiskers indicates the main body of the data, approxi- 


226613 55 per cent, while circles peyond the X indicate 
cutliers. Figures 2.8 and 2.9 #امطه‎ երտ distributicn® of 
acceleraticn for Gunner 1 and Cunner 2 respectively. These 


indicate that bcth cunners look for target acceleration 
follcwed ry deceleration during the time leading ug tc shct. 
1101165٤ 2.10 and 2-11 show the distribution ofevelccity for 
Loth cunrers in the same format. During the period leading 
to trigger full for Gunner 2, target velocity remains fairly 
constant with a slight increase followed by a slight 
decrease as trigger ull approaches. Gunner 1 displays a 
greater tendency to lcck for decreasing velocity during tne 
time preceeding tricger pull but the large 0 6۲ of 
Outliers indicates that this may not be a very strong 
criteria Ly itself. Figures 2.12 and 2.13 show the magni- 
tude cf roticn in tke neighbcrhood of trigger pull. This 
term is somewhat contrived kut logically so. The aksclute 
value cf acceleraticr plus the velocity cf the target are 
summed tc give a relative indicator of how much mcticn the 
target displayed at a given time. By combining these two 
variakles in this way motion will appear large if either 
velocity or acceleration is high and larger when bcth are 


high. 
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Figure 2.7 


Gunner 2 Selection Method. 


There is a clear terdency fcr bcth gunners to seek reduced 
target zcticn, in this context, aC ETE BUI. GURECE 4 
appears tc set tighter limits cn how much motion ne will 
allow kut tas a larce number of outliers indicating there 
pay ke additional criteria ether tham strictly tako ۰ cuc 
which influence his decision tc shoot. 

Figure 2.14 shows the ¡performance for both gunners. 
Gunner 1 made 168 shcts, giving 168 values for P1, his prch- 
ability cf Mat. Gurrer 2 made 127 shots, giving 127 values 
for Ez, bis prcbabil memos ole. One can then derote the 
Eroperticn cf Pl or Fz values less than or equal to rp idi 
Letween zerc and one inclusive. The proportion. oi 5 
falling at or below any given value of PHIT can ke deter- 
mined fIcn ‘Figure 2.14 by Eicking a point on thie 6 لر‎ 
reading the proporticn from tbe y-axis coordinate anc the 
FHII value from the x-axis cocrdinate. In this manner the 
dotted lines on the figure show that 50 per cent cf Gunrer 
1's shots yield a PH11 value at or below .33 and 50 fer cent 
cf Gurner z's shots yield a FHIT value at or աար իր 292 
Ihe plcts and the statistics shown indicate that  Cunrer 1 
shoots mcre ofter and dces a slightly better job cf picking 
shots. Gunner 1 shows a smaller  rroportion of  shcts 
achieving lcw PHIT values. 

In summary tle selection criteria can be stated as 
follcws. Ecth guaners look fcr decreasing motion in general 
and deceleration cr acceleration approaching zerc inm 
specific: There is a slight tendency for Gunner 1 tc look 
for decreasing velocity, less so for Gunner 2. Both gunners 
screen out sharply increasing or decreasing uotion. These 
statements are strongly suppcited through statistical and 
graphical aralysis. As an intuitive observation, Gunner 1 
seems tc anticipate target zrotion better than Gunner 2 
enabling more of his shots to fall in the neighbcrhccd of 


zero tarcet moticn. 
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۳ BCDEIING GUNNER EERFORMANCE 


least squares multiple regression was used to explcre 
the relaticnshif Detxeen FHIT and the moticn parameters. 
PHIT was treated as the dependent variable and true velccity 
and acceleration were used as the carrier or explanatcry 
varialles. A constart term was used in all cases since it 
was assured that the gunners would achieve some level of 
PHIT creater than zerc given a stationary target. The vari- 
able definitions shcwn in Tatile V will appiy  nencefcrth. 
Expanding cn this talle, X represents the vector of indepen- 
dent variarles each teing a vector with the same dimension 
as PHIT, the dependent variakle. X0 is a vector of cnes for 
the ccnstant tera in the regression. XI might be Y fcr the 
velocity associated «sith each FHIT value. X2 might te A for 
the acceleration asscciated with each PHIT value, 237 


X4,... XN would be cther functicns of the motion parameters 


associated with each FHIT value. BETA is the  vectcr of 
coefficients with 225840 being the coefficient of the 
constant term, BETA1 being the coefficient for X1 ard so 


forth for each independent varlatle. 
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TABLE 1 


Variable Definition fcr Regression Models 


Dependent Variable: PHIT = Erobability of Hit 


Independent Varialles: X - 20 or X1l or ... XN 
XC = = A Vector of Ones 

True Velocity Vector 

True Acceleration Vector 


cients; ٢ 
= FETAO, BEIA1,... BETAN = Coefficients Vectcr 
= C Հ Constant Term 
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aralysis censistently indicated differ-‏ ذ0ت 3۳ ۲ ہت 
ences Ietween gunners each gunner was modeled separately.‏ 
In an iterative manner various combinations of the carrier‏ 
variables were examined in an effort to discover a sirle‏ 
model which would prcvide a reasonable predictor cf EHIT in‏ 
5ئ۲٤‏ ۲511317622۶0 terms cf acceleraticn and/ or velocity.‏ 
with linear and polyrcmial models yielded focr fits. This‏ 
precluded tke 51 10۶1۲ cf sclutions but was expected since‏ 


these fcrms do not ccnsider the constraints imposed Ly the 


data. FHIT is constrained to lie between zero and cne 
inclusive. These mcdels allcw the predicted PHIT tc assume 
values cutside this range. Logistic models represert a 


family cf models which satisfy this constraint and the 
linear lcgistic mzodel is perha[s the simplest way to 

represent the dependence cf a probability on explanatcry 
variables sc that tbe constraint of lying between zerc and 
cne inclusive is satisfied [Ref. 6: p. 18]. This rodel is 


defined at Equation 2.1 and was used with good r2sults. 


MOS (EBII/ (1-PHIT)) Հ X x FEITA (ا۔ےء2 َو ت)‎ 


hefering to Table VI a more detailed explanation cf the 
iterative process used will clarify the results waich 
1011© 8 Cclumn one in this table indicates the independent 
variables fcr the particular model while column tre indi- 
cates tke variable ccefficient as computed by the linear 
logistic regression. Columns three and four provide the 
I-statistic and thecretical T-value used to test the 
hypothesis that the coefficient is zero with alpha equal 
ep Ccluzn five indicates the F-significance (1l-alpfha) of 
the regression and cclumn six indicates the percentage of 
varlatility explained Ly the regression. Of general note is 
the * cgerator used tere and elsewhere to denote expcnertia- 


tion, for example, A*7Z means the square of A. 
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TABLE VI 
Selecting the Eest Logistic Model-1000 Meters 
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least squares regression using the linear logistic model 
shown at Equation 2.1 with the explanatory variables shcwn 
in cclumr cne yieldec the statistics shown in Table VI. 
lookirg at the first uodel for Gunner 1 it is readily 
apparent tkat velocity has little effect asa predictor 
variatle. looking at all the models for Gunner 1 the test 
overall appears to be the last model. The carrier variatle 
in this mccel demonstrates  ncnzero effect and variability 
explained ky the model is high at 73881. This ucdel was 
arrived at by elimirating carrier variables shown to have 
little effect in previous iterations. As an exauple the 
first ncdel gives a Ligger R*2 value because it has mere 
terns. In this model tne Y and V*2 terms demonstrate no 
significant effect ard can be removed with little effect. 
Ihe sare procedure nas used for Gunner 2 coincidentally 
arriving at a similar best fit ncdel in terms of the carrier 
variatles. These acdels suggest that acceleration nas a 
significant effect on the variability of PHIT at this range 
with deceleraticn having a greater effect for Gunner 2. 
This effect is diminished for acceleration less than cre and 
amplified fcr values greater than one meter/second-sguared. 
The fact that velocity had no discernable effect among all 
the models exarined is perhaps more important. This 
suggests that the system filters out the effects of velccity 
9۳ 11 at this rance. The system is supposed to do this 
tut tbe analysis now provides objective testimony suggesting 
Beat does, 

A similar analysis was conducted for each gunner at each 
range with the results shown at Table VII . These represent 
the test ncdels for each range and were  ortained through 
iterative aralysis cf varicus combinations of the carrier 
varialles V and A. These models imply that the system dces 
mot filter cut the effects cf velocity as well at increased 


range as evidenced Ly the emergence of velccity terms as 


DIO 


significant at longer eanges: Comparison of these 589 
shows Gunner 1 to be rore affected by velocity than Gunner 2 
and Gunner Z to Le less affected in general by target Icticn 
than Cunrer 1. The different effects of velocity cn Gunner 
1 were clarified somewhat Dy examination of residuals which 
showed rcst outliers to lie at higa values of velccity. 
Lookirg at Figures 2.10 and 2.11 we see that Gunner 1 had a 
fair nuuter of fliers with velccity in the range of 8 to 12 
metersyseccnd while Gunner 2 had none. The greater effect 
could tterefore be explained by the fact that Gunner تل‎ 
screened out the catse in selecting when to shoot whereas 
Gunner 1 did not. hith the exception cf the trials at 2C00 
reters Gunner 1 seers to be more affected by target rcticn 
than Cunrer 2. The lesser imputed contribution of tarcet 
moticn towards variability of PHIT for Gunner 2 has no 
apparent, cogent explanation in the data. It does sucgest 
that cther factors nct considered such as tracking ability 
and mctivation may have greater effect on Gunner 2 tnan on 
Gunner 1. 

Ic unify the description of probability cf hit fcr bossa 
gunners cver all rances a ccmncn model was selected fcr all 
the cases. This mcdel includes both A and A*2 as carriers 
for Ectk gurners. Table VIII provides a summary for bcth 
gunners. From this it can Ee seen that the majority cf the 
variability in PHIT caused Ey target motion is explained by 
٩0661 6۴ ٤1. For Ecth gunners at all ranges the A*2 term 
is a “significant detractor frcm perfcrmance. This would 
indicate that high values of acceleration or ieceleration 
tave a detrimental effect on FHIT while values less thar cne 
have little effect. The emergence of the A term as 
Significant at 3000 meters suggests a greater effect of 
deceleration and smaller values of acceleration at this 
range fcr Gunner 1 and at all ranges for Gunner 2. This 
judgegent is partially explained by both gunners! prepensity 


to select Ecre in this range. 
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TABLE VII 


Logistic Models 


Gunner 1 and 2 Best 
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Figures 2.15 and 2.16 show these 1915 1 100 51 peca 
in the applicable  rarge of mcticn for each gunner. These 
plots were constructed by sclving for p in Eguaticn 2.1 
giving ar equation ior p in terus of acceleratlor anc the 
regressicn coefficients. Usirg the regressicn coefficierts 
in Table VIII p was then plctted over the range of accelera- 
tion cLserved by tte gunner giving the symmetric, bell 
Shapec curves shcwn. These models indicate a narrcw range 
cf acceleration withir which any appreciable chance cf hit 
can te expected. The band width of acceleraticr within 
which hits can be expected generally decreases significantly 
past 1000 meters and is considerably wider for deceleration 
for Gunner 2. Gunner 1 appears to be equally sensitive to 
acceleration and deceleration since his fitted curves are 
pretty well centered at acceleration equal to zero. 

Exagination of residuals for these models shcwed an 
irrecular 7607 pattern which on closer ۵12171 ۲ 0 
follcwed the increase and decrease in target motion. Ir the 
hopes of achievirg a better fit with this model the target 
roticn data was sectioned intc one of three categcries of 
change, defined nomirally as slow, medium, and fast. The 
selecticns keyed on acceleraticn with the general rule that 
target acceleration less than one meter/second sguared was 
defined as slow, acceleraticn greater than two meters 
/Seccrd squared was defined as fast and acceleraticr between 
these twc values was defined as medium. The time frames for 
each range of motion are in Table IX while Figures 2.17 
through 2.20 show these sections visually. 

Using this  secticning the A, A*2 logistic model was 
applied to each gunner for each section at each range with. 
the results shown at Table 1 . The first column in this 
table indicates the three sectioned models for each rance. 
Reading acrcss for tte slow model at 1000 meters fcr Gunner 
1 the secord column indicates that the constant term had 


significant effect with a coefficient value of 1.46 as 
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computed Ey the regression. The third column indicates that 
the A term had no significant effect for this model. The’ 
fourth cclumn indicates that the A*2 term also had no 
significant effect fcr this acdel. Ihe fifth column lale 
F indicates that the F-significance(1-alpha) for this rodel 


Sectioning of Target Acceleration 


MOTICN DEPINTITON 81 1112 


ռ TABLE IX | 
| | 
| 
| 2285 (seconds) Slow Moderate Se | 
| 3 - 5 x | 
19 5 X 
35 EO x 
6 Co X | 
66 - 100 X | 
EU CSS 2 x 
1١ - 08 X | 
13€ - 162 X 
| 162 - 170 x | 
17) - 3 X | 
| 1&2 = 212 2 | 
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is «26 Ihe sixth cclumn is the R*2 value for this mcdel 
and the last colunr indicates the number of  crserva- 
tions(shcts) falling in the slew range of target mcticn. 
The secticned models are for the most part not sigrificant 
as predictors. Most cf the coefficients are not significant 
and where trey are tke variability explained by the rodel is 
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to the dependent andyor carrier variables or some type of 
pattern in uost cases. Thepewomexceptions to this rule are 
the fast ncdels for both gunners at 1000 meters. These 
models show high levels of significance with non-zerc coef- 
ficierts and high 8-5 015 76 values. They additiorally 
display satternless residuals. 10116 121310 2.22 5 
the plotted eguatiors for all models with F-significance 
greater than .95 . These sectioned models generally indi- 
cate a narrcw rarge cf acceleration withir which any chance 
cf hit can te expected. This range is generally wider for 
deceleraticr but there are exceptions to this rule for 
Gunner 1 whe as with previcus models appears to ke equally 
sensitive tc acceleration and deceleration as evidenced by 
his fitted curves being centered at acceleration equal to 
Zero. 

Analysis of variance data for the total and secticned A, 
A*2 mcdels is cortained in latle Xl. The first ccluun in 
this takle indicates the Gunner, the range and the scurce of 
variaticr. MEAN indicates variation due to the grard tean, 
REG. indicates variaticn due tc regressicn, RESD. indicates 
variaticr dve to residuals, and TOTAL indicates total varia- 
DION. Columns two and three under the heaging ICTAI(for 
total ursectioned A, A*2 mcdel) indicate the sum of 
squares (SS) and mean square (MS) error for each scurce for 
each model. Similar entries under the heading SLO£ indicate 
the sum cf squares and mean square for the slcw secticned A, 
A*2 ucdel. Entries under the heading MEDIUM and FAST are 
for the respective sectioned A, A*2 model. This data gener- 
ally  shcws an increase in mean square residua ls with an 
increase in range or an increase in target motion. The fast 
model for Gunner 1 at 1000 meters shows a relatively gcod 
Bee, Cr closer  examinaticn however the mean square resi- 
dualis fcr this mcdel are worse than for the total model 


indicating a looser fit even though explained variability 


D E առ: ee ee ee eS Ee Se «ո ա cu: աա «առ «ա cao Alle‏ .ہت ہہ س 


TABLE X 
Sectioned Model - A, A*2 


| Gurner 1 
ո Հո Նա. թ Rc EE Sai Obs 
De 
| slcw 1.46 yes yes 25 205 19 
med. yes JES es . 18 و‎ 9 
fast yes yes : 7١ 1-0 970 14 
2000 
sicw yes yes E 2 36 17 
| mec. yes yes yes . 45 - 10 14 
| fast yes yes yes . 24 . 04 18 
2-00 
| slcw yes yes O دند‎ 252 16 
med. yes NES yes « 719 «ՅԱ 9 
fast yes yes yes دو‎ 213 17 
30C0 
slcw -.21 yes = 22E 99 SE 
| nec. es yes yes . 94 -40 6 
fast -10.12 yes yes 89 3A 18 
AII 
| slew «34 yes تیا د 2 ھ7‎ 65 
med. es yes yes 265 . 06 38 
fast zos oil yes yes 1402 ՄՍ 67 
Gurner 2 
e EITA = 0 ) 3۵1 0s 
106 1 A A*2 E R*2 ՕԷՏ. 
ای دی‎ E 
fast yes تھے دو ہہت‎ O . 942 20 
2000 
| slcw 221 ye yes ES 23 7 
j med. -2 yes ysg -69 . 45 7 
fast - . 0 ——— 13 a 3ه‎ 7 99 258 19 
2 0 
| SÉ yes 165 yes SEN SL S 
med. es ¡eS es : : 
fast Berg jes - ۳ 317 EG 18 
30C0 
slcu yes yes yes 11 E 5 
med. es yes yes - 45 . 45 9 
fast 2-8-2 yes O 299 52$ 19 
All 
| SC 2. 44 jes 398 E Li SÉ 
med. es ¡ES = e : > 
| fast -d. 45 9ہ‎ 707 1.0 5.1, 76 
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Remains kick. The fast model for Gunner 2 shows tte crro- 
site in that the sectioned mcdel has smaller mean square 
residuals indicating a tighter fit with higher  exrleired 
variaLility. Of mincr interest is the jump in mean square 
residual fcr Gunner 1 at 2000 meters for the total and fast 
secticn rodel. This is just one additional departure from 
trend which goes witk this trial. The net results ore Graws 
from the mcdeis must Le tuffered with qualifiers. The 
assumpticns for regression are not tested and inforral anal- 
ysis shows them to be weakly supported in some cases. Ihe 
models tend to amplify the differences between gunners and 
this trerd combined with [revious analysis is sigrificant 
and should not be igncred. The persistance of acceleration 
squared as a Significant explanatory variatle is anctter 
trend which should nct be igncred. This is also <uprcrted 
ty previcus analysis in that trained gunners seem tc screen 
cut this factor whick tne mcdels in general show detracts 
frcm perícruance. 116 final salient point orought forth by 
the zodels is the ccnspicuous absence of velocity as an 
explanatcry variable. Here what the models do not say is 
important [ecause it suggests that the total gun system 
filters cut the effects of velocity. This trend 15 ٨6 
proncunced at close range and more so ror Gunner 2 than 
Gunner 1. The models further indicate that for eack gunner 
there is scme tkreskcld of acceleration beycnd which hits 
cannct te expected. This threshold appears to te less 
sensitive tc deceleration. This suggests that gunners can 
anticipate target moticn better when the target is deceler- 
ating cr they can track better in this condition or a 


comnLrination of bcth tltese factcIS. 
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III. CCACLUSICNS AND RECOMMENDATIONS 

A main thrust of this analysis was to characterize the 
نا‎ ucticn in the nelghtermcod of trigger pull. The 
experimert was not  ccnducted with this specific  urcse in 
mind. It was, on tte contrary suggested as an interesting 
questicn to be considered after review of the results in 
their irtended role. Originatcrs of the experiment felt 
that answering this guestion would provide insight intc the 
factcrs that make trained gunners proficient and so it has. 

The analysis provides statistical, objective basis icr 
the statement that trained gunrers have a selection criteria 
and it gces a lcng way in clarifying just what they dc and 
BEENEDct lcck formin terms of target motion as they pick 
shots. The analysis characterizes target motion during the 
pericóá when gunners formulate the decision to shcct and 
indicates that they generally look for a pattern of 
increasirg followed ty decreasing acceleration with deceler- 
ation, cr acceleraticn approaching zero being the prefered 
parameter values just prior tc trigger pull. Velocity dces 
not appear to be a significant determinant of when gunners 
shoot except that they elect not to shoot as often as 
expected (assuming random selection) at very high or very low 
values cf velocity cr more appropriately extremes cf the 
range of velocity they observe. This was intuitively 
expected since the faster a target moves the harder it is to 
hit, cenerally speaking. 

These general guidelines vary between the twc gunners 
examined suggesting tkat hard and fast rules may nct prcduce 
the Lest cverall results among many different gunners. In 
general Gunner 1 has a more stringent criteria for prefered 


target rcticn yet he fires Icre often suggesting he dces not 
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track as 1Շոց on average tc pick لل‎ Int uitively he 
appears tc anticipate the targets motion and amtush the 
target within his prefered range of motion. If the general 
goals cf the two gunners are the same then Gunner 1 achieves 
the gcal of shooting during deceleration hetter than Gunner 
2 with slightly Letter hit performance being tne result. it 
does appear however that bcth gunners seek acceleration 
apprcaching zero and in this respect Gunner 2 does slightly 
Letter. The techniques are different and what works fcr cne 
gunner 23 81 nct wcrk for  ancther. In any event the 
achieved results are very close and either emphasis or 
comLiraticn thereof night work well for any given gurner. 

Ir an attempt tc better quantify these findirgs hit 
performance was rodeled in terrs of target motion using the 
lcgistic regression. This exersize proved most significant 
in What it did not showe For the many models examined 
target velocity was found to have no signiíicant effect at 
ranges up tc 1000 meters and inconsistent effect, ne effect 
cr rmirital effect at longer ranges. Contrasting this the 
models demcnstrate tkat acceleration has significant and 
consistert effect on hit performance at all ranges. This 
would suggest that the trained gunners" selection criteria 
is Lasicaily sound and that the gun system, the gunner, or 
Loth effectively filter out the effects of velocity cn hit 
performance, particulariy at close range. 

These results suggest that training procedures which 
develc; the gunners" ability te discriminate target acceler- 
ation wculd improve hit performance. Among the most simple 
procedures aould be to teach gunners to look for head cn, 
tail cr, or obligue crossing target silhouettes 25 0 
to a perpendicular crossing target silhouette. Since 
trained gunners were able to pick out these types cf mction 
without kenefit of a target silhouette in the experiment it 


is prctatle that simulators could be designed to nizic gcod 
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and Lad types of tarcet moticn thereby building ard rein- 
forcing gecd shot selection habits in other gunners. The 
simulator used in the experiment might even be suitable fcr 


this rurpcse other ccrstraints not withstanding. 


70 


APEENDIX A 


COMPUTER EROGRAMS 


The AFI function ‘IN’ takes a small vector of times at 
trigger pull and locates their position in a much larcer 
vector of time. The result is a vector of zecos and ones 
equal in length to the large vector with ones indicating the 
positicr cía time fron the small vector in the large 
vectcr. Ike small vector must Ee ordered. Both vectcrs 


must have all entries significant to the same decimal place. 


و٢07‎ 

F RA IM B;STOF;COUHT;COUNT2; TEMP; HOLD 
[1] AA IS THE VECTOR OF TIMES AT TRIGGER PULL 
[2] AA MUST BE ORDERED FROM LOW TO HIGH 
C2] AR IS THE TOTAL TIME VECTOR 


[4] STOFEPA 

CS] COUNTEO 

CH] 660.1 21 

C7] | HOLDe(14A)-B 
C8] COUHT 0۱۲ ۲ +1 
C9] COUNTIECOUNTI+] 


[10] TEMPe(COUNTY(COUNTI4A))=R 
C11] HOLDEHOLD+TEMF 
C12] +5x\COUM}TC(STOP 
C13] FeHOLD 
Չ 
[14] ۰ 


11 


The 
times at trigger pull and 
acceleration during the 


AFL function 'DECISICN' takes a small vectcr of 


computes the average velocity ard 


period amos. 22. seconds Ericr to 


each tize. Times pret be crdered. The overall tine, 
velocity, and acceleration vectors must be in the wcrksgace 
aS 21151 the function ‘IN'. 


۳1 
c2] 
Վ 


C3] 
C 


Lal 
1 4 
ES] 
L6] 
E73 
[8] 
L2] 
1 
0ھ‎ 
EO LR. 
ան» 1 
C14] 
رجات‎ 
۲ 1 ۵ [ 
C171 
۳ 
E 
C203 
Cee 
Coe 
] 2 5 
[24] 


Cea 


pes 


۷] ۶ 6 1 5 1 0۱۱ ] )[ [ 
9 ReDECISION X 
AS IS THE TIME OF TRIGGER FULLS A {DIMENSIONAL VECTOR, 
8 ۲۳۱ 5 FUNCTION COMPUTES THE AVERAGE VELOCITY AND ACCELERATIO 
AAT TRIGGER FULL MIRUS SE 


18 SEC TO TRIGGER ԲՕԼԸ 37 


ATHESE AVERAGES ARE USED TO REPRESENT VELOCITY AHD ACCELERAT 


AAT TIME OF DECISION TO FULL THE TRIGGER, 

ԲԱՎՕԼՔ Xx MUST BE XeX[AX] OR ORDER TIMES FROM LOW TO HIGH 
۱ ۰ رو(‎ 

TSELET Ih TIME 
AUSE NEXT LINE WHE? 
8 ۲ 5۳۱. + ) ۲ 5٩۱ 1( 
ANOTE FUNCTION . 4 ۲ 
VeVle(TSEL/VEL } 
ACA1e-(TSEL/HACEL ) 
Iei 
.ا‎ 9 0۴ ۶ ۲۴۲۷ ( (6 1 ۵ ۲ 5۱ ( 7 ۷۱ ( 

۲ ۲۹۳ ۵+ ) ) 1 6 ۲ 5۶۱ ( 7/۱۵۶۱ ( 

۱۷ + ) ۱۷ + ۳۲ ۶۱4 ۶ ۷ ( 

۵+ ) 2 + ۲ ۹۴ ۵ ( 

IeI+]1 

3LOOPx1(1I(49) 

O E 

ՅԷ (Ճ-Ջ) 

Aa” AND A ARE THE AVERAGE VELOCITT AND ACCELERATION 
8۳ ۵ ۲۴ ) ۲۳ ۵4۵۳] FULL)-,22 TO TP -,18 

۴ + ۱ ۴ ۶ ۵۸ 5 5 1 ۳۷ V AND A! 

? 


DOMAIN ERROR OCCURS DUE TO OVEKLAF 


MUST BE FRESENT IM THE SAME WS 


+ 


The AFL function 


'SAMPLE' takes a small vector cf times 


at trigger full and ccmputes the average velocity and accel- 
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